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1/mQ corrections to B → ρlν decay and |Vub|
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In the heavy quark effective field theory of QCD, we analyze the order 1/mQ contributions to
heavy to light vector decays. Light cone sum rule method is applied with including the effects of
1/mQ order corrections. We then extract |Vub| from B → ρlν decay up to order of 1/mQ corrections.
PACS: 11.55.Hx, 12.39.Hg, 13.20.Fc, 13.20.He
Keywords: B → ρlν, 1/mQ correction, heavy quark effective field theory, light cone sum rule
I. INTRODUCTION
Much effort has been devoted to discuss the heavy to light hadron semileptonic decays. In particular, B → π(ρ)lν
decays attracted the most interest [1–9] because they can be used to determine the quark mixing matrix element
|Vub|, a parameter of significance in particle physics. The heavy quark symmetry and relevant effective theory greatly
simplify the study of hadrons each of which containing a single heavy quark and any number of light quarks, and
provide relations between different processes. This symmetry is applied to study B(D)(s) → π(ρ,K,K∗)lν decays in
Refs. [10–12], where the finite heavy quark mass (mQ) corrections are not considered. Ref. [13] extends the study on
B → πlν decay up to the next to leading order of the heavy quark expansion. For a more complete knowledge of the
magnitude of the finite mass corrections to heavy to light meson decays, and to the determination of |Vub|, one should
also study the 1/mQ order corrections to semileptonic B decays to light vector mesons.
In this short letter we will apply the heavy quark effective field theory (HQEFT) developed in Refs. [14–18] to
analyze the 1/mQ corrections to the B → ρlν decay. And the light cone sum rule method will be adopted to
numerically estimate the nonperturbative functions, i.e., the heavy to light vector form factors with including 1/mQ
order corrections. In section II the 1/mQ order corrections are formulated in HQEFT framework. Section III devotes
to evaluate wave functions using light cone sum rule method in HQEFT. And section IV is the numerical results and
discussion.
II. B → ρLν DECAY IN HQEFT
The transition matrix element responsible to the B → ρlν decay is generally parameterized by form factors as
< ρ(p, ǫ∗)|u¯γµ(1− γ5)b|B(pB) >= −i(mB +mρ)A1(q2)ǫ∗µ + i A2(q
2)
mB +mρ
(ǫ∗ · (p+ q))(2p+ q)µ
+i
A3(q
2)
mB +mρ
(ǫ∗ · (p+ q))qµ + 2V (q
2)
mB +mρ
ǫµαβγǫ∗α(p+ q)βpγ , (2.1)
where q = pB − p is the momentum carried by the lepton pair.
In the framework of HQEFT [14,15], the QCD quantum field Q for heavy quark is decomposed into particle field
Q+ and antiparticle field Q−, so that the quark and antiquark fields are treated on the same footing in a symmetric
way. The effective quark and antiquark fields in HQEFT are defined as
Q±v = e
iv/mQv·xQˆ±v = e
iv/mQv·xP±Q
± (2.2)
R±v = P∓Q
± (2.3)
with v being an arbitrary four-velocity satisfying v2 = 1, and P± ≡ (1 ± v/)/2 being the projection operators. Qˆ±v
defined above are actually the large components of the heavy quark and antiquark fields respectively. R±v are the
small components of the heavy quark and antiquark fields respectively. The quantum field in QCD Lagrangian can
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be written as Q ≡ Q+ +Q− ≡ Qˆ+v + Qˆ−v +R+v + R−v , which contains all large and small components of particle and
antiparticle. The decomposition of Q is presented in detail in Refs. [14,15].
After the small components of particle and antiparticle fields being integrated out, QCD Lagrangian turns into
LQ,v = L(++)Q,v + L(−−)Q,v + L(+−)Q,v + L(−+)Q,v (2.4)
with
L(±±)Q,v = Q¯±v iD/vQ±v , (2.5)
L(±∓)Q,v =
1
2mQ
Q¯±v (i
←−D/v)e2iv/mQv·x
(
1− iv/v ·D
2mQ
)−1
(iD/⊥)Q
∓
v
=
1
2mQ
Q¯±v (−i←−D/⊥)
(
1− −i 6vv ·
←−
D
2mQ
)−1
e−2iv/mQv·x(iD/v)Q∓v , (2.6)
where
iD/v = iv/v ·D + 1
2mQ
iD/⊥
(
1− iv/v ·D
2mQ
)−1
iD/⊥,
i
←−D/v = −i 6vv · ←−D + 1
2mQ
(−i←−D/⊥)
(
1− −i 6vv ·
←−
D
2mQ
)−1
(−i←−D/⊥),
iD/⊥ = iD/− iv/v ·D, −i←−D/⊥ = −i←−D/+ i 6vv · ←−D, (2.7)
which is treated as HQEFT in the case that the longitudinal and transverse residual momenta, i.e. the operators
iv ·D and D⊥ are at the same order of power counting in 1/mQ expansions.
The heavy-light quark current q¯ΓQ with Γ being arbitrary Dirac matrices can be expanded in powers of 1/mQ as
q¯ΓQ→ e−imQv·xq¯
{
Γ +
1
2mQ
Γ
1
iv/v ·D (iD/⊥)
2 +O( 1
m2Q
)
}
Q+v . (2.8)
Here the contributions from both heavy quark and antiquark fields have been considered.
According to above expansions for effective Lagrangian and effective current, one can write the matrix element in
Eq. (2.1) as the following form in powers of 1/mQ,
〈ρ|u¯γµ(1− γ5)b|B〉 =
√
mB
Λ¯B
{
〈ρ|u¯γµ(1 − γ5)Q+v |Mv〉+
1
2mQ
〈ρ|u¯γµ(1− γ5) 1
iv ·DP+
(
D2⊥
+
i
2
σαβF
αβ
)
Q+v |Mv〉+O(1/m2Q)
}
, (2.9)
where Λ¯B = mB −mb, and Fαβ is the gluon field strength tensor. The effective heavy meson state |Mv〉 satisfies the
heavy quark spin-flavor symmetry. Its normalization is
〈Mv|Q¯+v γµQ+v |Mv〉 = 2Λ¯vµ (2.10)
with the binding energy Λ¯ ≡ limmQ→∞ Λ¯M being heavy flavor independent.
It should be noted that the 1/mQ corrections in Eq.(2.9) include both contributions from the current expansion
(2.8) and from the insertion of the effective Lagrangian (2.4). In Eqs.(2.8) and (2.9) the operator 1/(iv · D) arises
from the contraction of effective heavy quark and antiquark fields [15,18]. In the v · A = 0 gauge to be used in our
calculation, this operator is tantamount to the heavy quark propagator.
As can be seen in Eq.(2.9) that the 1/mQ order corrections to B → ρlν transition are only attributed to one
kinematic operator and one chromomagnetic operator. The heavy quark symmetry enables us to parameterize the
matrix elements in HQEFT as
〈ρ(p, ǫ∗)|u¯ΓQ+v |Mv〉 = −Tr[Ω(v, p)ΓMv], (2.11)
〈ρ(p, ǫ∗)|u¯Γ P+
iv ·DD
2
⊥Q
+
v |Mv〉 = −Tr[Ω1(v, p)ΓMv], (2.12)
〈ρ(p, ǫ∗)|u¯Γ P+
iv ·D
i
2
σαβF
αβQ+v |Mv〉 = −Tr[Ωαβ1 (v, p)ΓP+
i
2
σαβMv], (2.13)
2
where the pseudoscalar heavy meson spin wave function Mv = −
√
Λ¯P+γ
5 is independent of the heavy quark flavor.
Ω(v, p), Ω1(v, p) and Ω
αβ
1 (v, p) can be decomposed into Lorentz scalar functions,
Ω(v, p) = L1(v · p)ǫ/∗ + L2(v · p)(v · ǫ∗) + [L3(v · p)ǫ/∗ + L4(v · p)(v · ǫ∗)]pˆ/,
Ω1(v, p) = δL1(v · p)ǫ/∗ + δL2(v · p)(v · ǫ∗) + [δL3(v · p)ǫ/∗ + δL4(v · p)(v · ǫ∗)]pˆ/,
Ωαβ1 (v, p) = (pˆ
αγβ − pˆβγα)
[
ǫ/
∗
(R1 +R2pˆ/) + (v · ǫ∗)(R3 +R4pˆ/)
]
+ (ǫ∗αγβ − ǫ∗βγα)
[
R5 +R6pˆ/
]
+ (ǫ∗αpˆβ − ǫ∗β pˆα)
[
R7 +R8pˆ/
]
+ iσαβ
[
ǫ/
∗
(R9 +R10pˆ/) + (v · ǫ∗)(R11 +R12pˆ/)
]
(2.14)
with pˆµ = pµ/(v · p) and ξ ≡ v · p = (m2B +m2ρ − q2)/2mB.
Eqs.(2.9)-(2.14) yield
〈ρ(p, ǫ∗)|u¯γµ(1− γ5)b|B(pB)〉 = −2i
√
mBΛ¯
Λ¯B
{
iL′3ǫ
µναβǫν pˆαvβ + (L
′
1 + L
′
3)ǫ
∗µ
− (L′3 − L′4)(v · ǫ∗)pˆµ − L′2(v · ǫ∗)vµ +O(1/m2Q)
}
(2.15)
with
L′i = Li +
1
2mQ
δL′i = Li +
1
2mQ
(δLi +R
′
i),
R′1 = −2R1 − 2R5 +R7 − 3R9 + (2R2 −R8)pˆ2,
R′2 = −2R3 − 2R5 − 3R11 − (2R4 +R8)pˆ2,
R′3 = 2R1 − 2R2 − 2R6 −R7 +R8 − 3R10,
R′4 = −2R6 −R7 − 2R3 − 2R4 − 3R12.
Comparison between Eqs.(2.1) and (2.15) gives relations between the form factors Ai(i = 1, 2, 3), V and the universal
wave functions,
A1(q
2) =
2
mB +mρ
√
mBΛ¯
Λ¯B
{L′1(v · p) + L′3(v · p)}+ · · · ;
A2(q
2) = 2(mB +mρ)
√
mBΛ¯
Λ¯B
{L
′
2(v · p)
2m2B
+
L′3(v · p)− L′4(v · p)
2mB(v · p) }+ · · · ;
A3(q
2) = 2(mB +mρ)
√
mBΛ¯
Λ¯B
{L
′
2(v · p)
2m2B
− L
′
3(v · p)− L′4(v · p)
2mB(v · p) }+ · · · ;
V (q2) =
√
mBΛ¯
Λ¯B
mB +mρ
mB(v · p)L
′
3(v · p) + · · · , (2.16)
where the dots denote higher order 1/mQ contributions not to be taken into account in the following calculations.
III. LIGHT CONE SUM RULES IN HQEFT
For the derivation of the 1/mQ order corrections to B → ρlν decay, we consider the two-point correlation function
Fµ = i
∫
d4xe−i(pB−mQv)·x〈ρ(p, ǫ∗)|T
{
u¯(0)γµ(1− γ5) 1
iv ·DP+
(
D2⊥ +
i
2
σαβF
αβ
)
Q+v (0),
Q¯+v (x)iγ
5d(x)
}
|0〉 (3.1)
where Q¯+v (x)iγ
5d(x) is the interpolating current for B meson. Inserting between the two currents in Eq.(3.1) a
complete set of intermediate states with the B meson quantum number, one gets
3
mBΛ¯
mQΛ¯B
2iF
2Λ¯B − ω
{
δL′3ǫ
µναβǫ∗ν pˆαvβ + i(δL
′
3 − δL′4)(v · ǫ∗)pˆµ − i(δL′1 + δL′3)ǫ∗µ + iδL′2(v · ǫ∗)vµ
}
+
∫ ∞
s0
ds
ρ(ξ, s)
s− ω + subtraction (3.2)
with ξ ≡ v · p and ω ≡ 2v · k, where k = pB −mQv is the residual momentum of the bottom quark. The second term
in (3.2) represents the higher resonance contributions. F is the decay constant of B meson at the leading order of
1/mQ expansion, defined by [17]
〈0|q¯ΓQ+v |Bv〉 =
F
2
Tr[ΓMv]. (3.3)
In deep Euclidean region the correlator (3.1) can be calculated in effective field theory. The result can be written also
as an integral over a theoretic spectral density,∫ ∞
0
ds
ρth(ξ, s)
s− ω + subtraction. (3.4)
The standard treatment of sum rule is to assume the quark-hadron duality, and to equal the hadronic representation
(3.2) and the theoretic one (3.4), which provides an equation:
mBΛ¯
mQΛ¯B
2iF
2Λ¯B − ω
{
δL′3ǫ
µναβǫ∗ν pˆαvβ + i(δL
′
3 − δL′4)(v · ǫ∗)pˆµ − i(δL′1 + δL′3)ǫ∗µ + iδL′2(v · ǫ∗)vµ
}
+
∫ ∞
s0
ds
ρ(ξ, s)
s− ω =
∫ ∞
0
ds
ρth(ξ, s)
s− ω + subtraction. (3.5)
To ensure the reliability of sum rule estimates, one should enhance the importance of the ground state contribution,
suppress higher order nonperturbative contributions and remove the subtraction. These can be achieved by performing
the Borel transformation
Bˆ
(ω)
T ≡ lim
−ω, n →∞
−ω/n = T
(−ω)n+1
n!
(
d
dω
)n
to both sides of the equation (3.5). With using the formulae
Bˆ
(ω)
T
1
s− ω = e
−s/T , Bˆ
(ω)
T e
λω = δ(λ− 1
T
), (3.6)
one gets
2iF{δL′3ǫµναβǫ∗ν pˆαvβ − i(δL′1 + δL′3)ǫ∗µ + i(δL′3 − δL′4)(v · ǫ∗)pˆµ + iδL′2(v · ǫ∗)vµ}e−2Λ¯B/T
=
∫ s0
0
dse−s/Tρ(ξ, s), (3.7)
where the spectral density ρ(ξ, s) can be derived via double Borel transformations,
ρ(ξ, s) = Bˆ
(−1/T )
1/s Bˆ
(ω)
T F
µ(ξ, ω). (3.8)
In calculating the three-point function (3.1), one may represent the nonperturbative contributions embeded in the
hadronic matrix element in terms of light cone wave functions. Among them are the two-particle distribution functions
and the three-particle ones. However, if we restrict our calculation to the lowest twist (twist 2) level, the three-particle
functions do not contribute. As a result, the chromomagnetic operator in Eq.(3.1) could be neglected in the lowest
twist approximation. The leading twist distribution functions are defined by [2,4–6]
< ρ(p, ǫ∗)|u¯(0)σµνd(x)|0 > = −if⊥ρ (ǫ∗µpν − ǫ∗νpµ)
∫ 1
0
dueiup·xφ⊥(u),
< ρ(p, ǫ∗)|u¯(0)γµd(x)|0 > = fρmρpµ ǫ
∗ · x
p · x
∫ 1
0
dueiup·xφ‖(u)
+ fρmρ(ǫ
∗
µ − pµ
ǫ∗ · x
p · x )
∫ 1
0
dueiup·xg
(v)
⊥ (u),
< ρ(p, ǫ∗)|u¯(0)γµγ5d(x)|0 > = 1
4
fρmρǫµναβǫ
∗νpαxβ
∫ 1
0
dueiup·xg
(a)
⊥ (u) (3.9)
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with φ⊥,‖, and g
(v,a)
⊥ being functions with nonperturbative nature.
Then the effective heavy quark fields Q+v (x1)Q¯
+
v (x2) can be contracted into a propagator of heavy quark,
P+
∫∞
0
dtδ(x1 − x2 − vt). In the lowest twist approximation, only the kinematic operator contributes to the 1/mQ
order corrections to B → ρlν decay. At v ·A = 0 gauge we used, the correlation function (3.1) simplifies as
i
∫
d4x
∫
d4y
∫ ∞
0
dl
∫ ∞
0
dte−ik·x〈ρ(p, ǫ∗)|u¯(0)γµ(1− γ5)P+δ(−y − vl)
×
[
∂2(y) − vαvβ∂α(y)∂β(y) − ∂α(y)Aα(y)−Aα(y)∂α(y)
+
i
2
σαβF
αβ(y) +Aα(y)A
α(y)
]
P+δ(y − x− vt)γ5d(x)|0〉
→ i
∫
d4x
∫
d4y
∫ ∞
0
dl
∫ ∞
0
dte−ik·xδ(−y − vl)
[
(
∂2
∂y2
− vαvβ ∂
2
∂yα∂yβ
)δ(y − x− vt)
]
〈ρ(p, ǫ∗)|u¯(0)1
2
[
γµγ5 − γµ − σαβ(ivβgαµ + 1
2
ǫµναβvν)
]
d(x)|0〉 (3.10)
with ∂α(y) ≡ ∂/(∂yα). The final formula in (3.10) includes only the terms related to the two-particle distribution
functions (3.9).
Now the transition matrix element can be evaluated through the distribution functions defined in (3.9). Using Eqs.
(3.6) and (3.9), the spectral function is found to be
ρ(ξ, s) = Bˆ
(−1/T )
1/s Bˆ
(ω)
T F
µ =
1
2ξ
{
iǫµναβǫ∗νpαvβ
[
− 1
4ξ2
fρm
3
ρ(u
2g
(a)
⊥ )
′′ + f⊥ρ m
2
ρ
1
ξ
(u2φ⊥)
′
+
1
4
fρmρ(u
2g
(a)
⊥ )
′′ − 3
4
fρm
2
ρ(ug
(a)
⊥ )
′
]
+ ǫ∗µ
[
fρm
3
ρ
1
ξ
(u2g
(v)
⊥ )
′ − 2f⊥ρ m2ρuφ⊥
− fρmρξ(u2g(v)⊥ )′ − 2f⊥ρ ξ2uφ⊥ + 4f⊥ρ ξ2uφ⊥
]
+ (v · ǫ∗)pµ
[
− 1
ξ2
fρm
3
ρ(u
2g
(v)
⊥ )
′
+
1
ξ2
fρm
3
ρ(u
2φ‖)
′ − 2
ξ2
fρm
3
ρug
(v)
⊥ +
2
ξ2
fρm
3
ρuφ‖ −
2
ξ3
fρm
3
ρξG
(v)
⊥ +
2
ξ3
fρm
3
ρξΦ‖
+ fρmρ(u
2g
(v)
⊥ )
′ − fρmρ(u2φ‖)′
]
+ (v · ǫ∗)vµ
[
2f⊥ρ m
2
ρuφ⊥ − 2f⊥ρ m2ρ(u2φ⊥)′
− 4f⊥ρ ξ2uφ⊥ + 2f⊥ρ ξ2(u2φ⊥)′
]}
u→ s2ξ
, (3.11)
where ′ denotes derivative with respect to the variable u, while G
(v)
⊥ (u) and Φ‖(u) are functions related to g
(v)
⊥ and φ‖
by ∂∂uG
(v)
⊥ (u) = g
(v)
⊥ (u),
∂
∂uΦ‖(u) = φ‖(u). The detailed procedure in deriving Eq.(3.11)are similar to those in Refs.
[10,11,13].
IV. NUMERICAL ANALYSIS
φ⊥ and φ‖ are the lowest twist distributions in the fraction of total momentum carried by the quark in transversely
and longitudinally polarized mesons. They can be expanded in Gegenbauer polynomials C
3/2
n (x) whose coefficients
are renormalized multiplicatively. With the scale dependence explicitly, one has [4]
φ⊥(‖)(u, µ) = 6u(1− u)[1 +
∑
n=2,4,···
a⊥(‖)n (µ)C
3/2
n (2u− 1)],
a⊥(‖)n (µ) = a
⊥(‖)
n (µ0)(
αs(µ)
αs(µ0)
)(γ
⊥(‖)
n −γ
⊥(‖)
0 )/(2β0), (4.1)
where β0 = 11−(2/3)nf , and γ‖n, γ⊥n are the one loop anomalous dimensions [19,20]. The nonperturbative parameters
a⊥n and a
‖
n have been obtained in [4] with the values
a⊥2 (1GeV) = 0.2± 0.1, a‖2(1GeV) = 0.18± 0.10 (4.2)
5
and a
⊥(‖)
n = 0 for n 6= 2.
The functions g
(v)
⊥ and g
(a)
⊥ describe transverse polarizations of quarks in the longitudinally polarized mesons. As
in Ref. [6] they are parameterized as
g
(v)
⊥ (u, µ) =
3
4
(
1 + (2u− 1)2
)
+
3
2
a
‖
1(µ)(2u − 1)3 + (
3
7
a
‖
2(µ) + 5ξ3(µ))
(
3(2u− 1)2 − 1
)
+
[ 9
112
a
‖
2(µ) +
15
64
ξ3(µ)(3ω
V
3 (µ)− ωA3 (µ))
](
3− 30(2u− 1)2 + 35(2u− 1)4
)
,
g
(a)
⊥ (u, µ) = 6u(1− u)
[
1 + a
‖
1(µ)(2u − 1) +
(1
4
a
‖
2(µ) +
5
3
ξ3(µ)(1 − 3
16
ωA3 (µ) +
9
16
ωV3 (µ))
)
×
(
5(2u− 1)2 − 1
)]
(4.3)
All the nonperturbative parameters in Eqs.(4.3) have been estimated in Ref. [6]. The asymptotic form of these
factors and the renormalization scale dependence are given by perturbative QCD [21,22]. As in Refs. [11], the typical
virtuality of the bottom quark
µb ∼
√
m2B −m2b ≈ 2.4GeV, (4.4)
is used for the energy scale for the current calculation.
The values of the hadron quantities fρ, f
⊥
ρ , Λ¯B, Λ¯ and F have been extracted in the previous work (see, e.g.,
[4,17,23,24]). For consistency, here we use for them the same values as in Ref. [11],i.e.,
fρ± = (195± 7)MeV, fρ0 = (216± 5)MeV, f⊥ρ = (160± 10)MeV,
Λ¯B ≈ Λ¯ = 0.53GeV, F = (0.30± 0.06)GeV3/2. (4.5)
δLi as functions of ξ, T and s0 can be derived from Eqs.(3.7) and (3.11). Fig.1 shows the variation of δLi as
functions of the Borel parameter T at v · p = 2.5 GeV. The curves in each figure correspond to different values
adopted for the threshold s0.
The rule of LCSR method is to determine s0 from the stability of relevant curves in the reliable region of T , where
both the higher nonperturbative corrections and the contributions from excited and continuum states should not be
large. In the current case, we focus on the region around T = 1.5 − 2GeV. As shown in Fig.1, δLi are found to be
stable with respect to the Borel parameter T . In Ref. [11] the threshold s0 = 2.1 ± 0.6GeV is adopted in evaluating
the leading order wave functions Li. In calculating the decay width we will use for δLi the same threshold values as
those for the leading order wave function Li, i.e., s0 ≈ 2.1GeV.
With (2.16), the form factors A1, A2, A3 and V with including 1/mQ order corrections can be calculated. It is
convenient to represent each of these form factors in terms of three parameters as
F (q2) =
F (0)
1− aF q2/m2B + bF (q2/m2B)2
, (4.6)
where F (q2) can be any one of A1(q
2), A2(q
2), A3(q
2) and V (q2). The parameters F (0), aF and bF presented in table
1 are fitted from the the LCSR results at s0 = 2.1GeV. Fig.2 shows the form factors as functions of the momentum
transfer, where the dashed curves are for the leading order results while the solid ones for the results with the 1/mQ
order corrections included.
F (0) aF bF
A1 0.26 0.37 −0.19 LO
0.27 0.32 −0.19 NLO
A2 0.26 1.11 0.26 LO
0.26 1.15 0.30 NLO
A3 −0.26 1.12 0.26 LO
−0.26 1.11 0.25 NLO
V 0.32 1.24 0.29 LO
0.31 1.26 0.32 NLO
Table 1. Results of LCSR calculations up to leading (LO) and next leading order (NLO) in
HQEFT. The leading order results are obtained in Ref. [10].
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The differential decay width of B → ρlν with the lepton mass neglected is
dΓ
dq2
=
G2F |Vub|2
192π3m3B
λ1/2q2(H20 +H
2
+ +H
2
−) (4.7)
with the helicity amplitudes
H± = (mB +mρ)A1(q
2)∓ λ
1/2
mB +mρ
V (q2),
H0 =
1
2mρ
√
q2
{(m2B −m2ρ − q2)(mB +mρ)A1(q2)−
λ
mB +mρ
A2(q
2)} (4.8)
and
λ ≡ (m2B +m2ρ − q2)2 − 4m2Bm2ρ. (4.9)
The total width of B → ρlν can be obtained by integrating (4.7) over the whole accessible region of q2. We get
Γ(B → ρlν) = (13.6± 4.0)|Vub|2ps−1, (4.10)
where the error results from the variation of the threshold energy s0 = 1.5− 2.7GeV.
The branching fraction of B0 → ρ−l+ν is measured to be Br(B0 → ρ−l+ν) = (2.6± 0.7)× 10−4 [25]. This and the
world average of the B0 lifetime [25] τB0 = 1.536± 0.014 ps yields
Γ(B0 → ρ−l+ν) = (1.69± 0.47)× 10−4ps−1. (4.11)
|Vub| is then extracted from Eqs.(4.10) and (4.11). It is
|Vub| = (3.53± 0.49± 0.52)× 10−3, (4.12)
where the first and second errors correspond to the experimental and theoretical uncertainties, respectively. This
value may be compared with the ones previously obtained [10,11,13,16,26]. From the exclusive semileptonic decays
B → π(ρ)lν, we then have
|Vub| = (3.4± 0.5± 0.5)× 10−3 (B → πlν, LO)
|Vub| = (3.2± 0.5± 0.4)× 10−3 (B → πlν, to NLO)
|Vub| = (3.7± 0.6± 0.7)× 10−3 (B → ρlν, LO)
|Vub| = (3.5± 0.5± 0.5)× 10−3 (B → ρlν, to NLO)
|Vub| = (3.5± 0.6± 0.1)× 10−3 (B inclusive semileptonic decays)
As a summary, we have studied B → ρlν decay up to the 1/mQ order corrections in HQEFT. In HQEFT, 1/mQ
order corrections from the effective current and from effective Lagrangian are given by the same operator forms,
which simplifies the structure of transition matrix elements. These 1/mQ order contributions have been calculated
using light cone sum rules with considering the lowest twist distribution functions. Numerically, the 1/mQ order
wave functions give only corrections lower than 10% to the transition form factors. Similar to the B → πlν case, the
correction indicates a slightly smaller value of the CKM matrix element |Vub|. The discussion concerning 1/mQ order
corrections to B → ρlν decay in this paper is also applicable to other heavy to light vector meson decays.
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Fig.1. Variation of 1/mQ order wave functions δLi(i = 1, 2, 3, 4) with respect to the
Borel parameter T at ξ = v · p = 2.5 GeV. The dashed, solid and dotted curves
correspond to the thresholds s0 =1.5, 2.1 and 2.7 GeV respectively.
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Fig.2. Form factors Ai(i = 1, 2, 3) and V obtained from light cone sum rules in
HQEFT. The dashed curves are the leading order results in HQEFT [10,12], while
the solid curves are the results with including 1/mQ order correction.
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